A systemic tumor developed in multiple organs, including spleen, bone marrow, lymph nodes, liver, ovaries, and thoracic and lumbar vertebrae, of a female F344Du/Crj rat. The tumor was composed of round to indented mononuclear cells containing abundant large eosinophilic granules in the cytoplasm. The peripheral blood smear revealed that the large granules in the cytoplasm of the tumor cells were stained basophilic with Giemsa, suggesting a basophil or mast cell origin. However, these granules did not show metachromasia with toluidine blue and were stained blue to dark blue with phosphotungstic acid hematoxylin. Cellular morphology and characteristics in the specific stains of tumor cells suggested the development of a tumor of globule leukocytes in a F344Du/Crj rat.
Eosinophilic Granulated Cells Comprising a Tumor in a Fischer Rat* INTRODUCTION Globule leukocytes are intraepithelial mononuclear cells containing eosinophilic granules found in the intestinal, respiratory, and urinary systems of various animal species (1, 6) . Miller et al (9) , Murray et al (11) , and Spicer et al (12) considered that the globule leukocytes are derived from subepithelial mast cells. However, Lavy and Frondoza proposed the possibility that these leukocytes might have a basophilic origin (7) . Recently, Baert and Frederix suggested that the natural killer cell was the origin of these leukocytes based on morphological characteristics, including round or indented nucleus, variable number of globules surrounded by a single unit membrane, and prominent Golgi complex consisting of stacks of smooth-surfaced saccules and small vesicles (1) . However, there remains disagreement concerning the origin and function of globule leukocytes. Globule leukocyte tumors have been reported in cats (2) (3) (4) (5) 8) but not in other in laboratory animals (including rats). We examined a case of a tumor that appeared in multiple organs and was composed of globule leukocyte-like cells in a female F344 rat.
MATERIALS AND METHODS
A female F344Du/Crj rat that was used in a 2-yr carcinogenicity test was sacrificed moribund under ether anesthesia at week 38 because of weakness of the whole body. The animal had been treated with a chemical substance, but the data suggested that the weakness was an incidental occurrence and that there was no possibility that it was a treatment-related effect of this case. The histological samples were fixed in 10% natural-buffered formalin, embedded in paraffin, sectioned at 3 Vtm, and stained with hematoxylin and eosin (H&E), periodic acid-Schiff (PAS) with diastase digestion, toluidine blue (TB), Alcian blue (AB), phosphotungstic acid hematoxylin (PTAH), and Giemsa. For electron microscopy, formalinfixed tissues from the tumor were embedded in a mixture of Epon 812 and Araldite (after fixation in 2% paraformaldehyde plus 2.5% glutaraldehyde followed by postfixing in 1 % OsO, solution), sectioned, stained with 4% uranyl acetate and lead citrate, and examined by transmission electron microscopy (Hitachi H-7000 at 75 kV).
At necropsy, a peripheral blood smear was collected from the abdominal aorta. The smear was stained with May-Grunwald-Giemsa stain to determine differential counts (%) of the white blood cells.
RESULTS
Round to oval (15-30 X 13-19 jjum) mononuclear cells, containing abundant, predominantly basophilic granules (diameter 0.1-1 pLm) in cytoplasm, were found scattered in the peripheral blood smear (Fig. 1 ). The tumor cells accounted for 12% of the white blood cells in differential counts (Table I) .
At necropsy, white nodules, measuring 16 X 11 mm, were observed in both thoracic and lumbar vertebrae, slightly enlarged spleen, enlarged retroperitoneal lymph nodes and ovaries, and in white patches diffusely distributed in the liver. Histologically, the nodule in the vertebra was occupied by solid accumulation of the tumor cells with little interstitium. The nuclei of the tumor cells were round or indented and clear, with a prominent nucleolus. The cytoplasm of these cells contained abundant eosinophilic granules (Fig. 2 ). Tumor cells replaced the ovaries and bone marrow with invasion into the surrounding tissue of the bone marrow. The tumor cells diffusely invaded the red pulp of the spleen and showed a nodular distribution in the Glisson's sheath of the liver. Tumor cells were present in hepatic sinusoids. Tumor cells were scattered in the retroperitoneal lymph nodes, uterus, adrenal glands, thymus, and lungs, but were focal in the cecal lymphatic nodule. The cytoplasmic granules of tumor cells did not show metachromasia with TB and were not stained blue with AB. The granules were weakly positive for PAS and did not disappear after diastase digestion. They were stained purple with Giemsa and blue to dark blue with PTAH ( Fig. 3 and Table II ). Ultrastructurally, tumor cells had neither intercellular junctions nor basement membrane. The nuclei were round or indented. The cytoplasm of tumor cells contained many granules (5 to 36 per cell) of various sizes (0.29 to 1.50 pLm in diameter) and occasional mitochondria and rough endoplasmic reticulum. Each granule had a homogeneous electron-dense structure (Figs. 4 and 5). Some granules partially showed a filamentlike structure.
DISCUSSION
In peripheral blood smear, round-to-oval mononuclear cells containing abundant predominantly basophilic granules in cytoplasm suggested a basophil or mast cell origin. Vacuoles were observed in the cytoplasm of the basophil produced by the water-soluble granules in the May-Grunwald-Giemsa-stained specimen (10) but were not observed in the tumor cells. In this rat, the granules did not show metachromasia with TB, and scroll-like structures in the granules were not observed ultrastructurally, suggesting that the basophil or mast cell is not the cell of origin.
Globule leukocytes are intraepithelial mononuclear cells containing abundant predominantly eosinophilic granules; they are found in various animals (1) . Characteristic findings of globule leukocyte granules include the absence of metachromasia with TB and blue to dark blue staining with PTAH (2, 6). Ultrastructurally, the globules have a typical unit membrane, finely granular and electron-dense granules (surrounded by a less dense peripheral zone containing coarse granules), and occasionally, clear-cut vacuoles (6) .
In this rat, ultrastructurally the granules did not have a typical unit membrane, possibly related to the formalin fixation of the tumor. The granules had a homogeneous electron-dense body. Since histochemical findings resembled those of globule leukocyte granules, the origin of the tumor cells was suggested to be a globule leukocyte.
In addition to large granular lymphoma (3) and a gran- (8) , globule leukocyte neoplasms (2, 4) have been reported in cats; in this instance, the tumors were found in the jejunum, distal ileum, and mesenteric, and peripheral lymph nodes. The histochemical findings with PTAH and TB staining in the rat in our study were similar to those reported in cats. Kariya et al (5) reported that feline globule leukocytes were intraepithelial large granular lymphocytes ( LGL) and that they demonstrated immunoreactivity for a pore-forming protein (perforin) found in the granules of cytotoxic T lym- phocytes and natural killer cells. They suggested that the feline globule leukocyte tumor was similar to LGL leukemia in humans and rats (5) . However, judging from the cellular and histological characteristics, the present tumor is considered to be different from the LGL leukemia of F344 rats. Cytologically, tumor cells of LGL show azurophilic cytoplasmic granules near the nuclear notch in peripheral blood smears (13), but these were not observed in the present tumor. LGL leukemia of F344 rats is also characterized by massive splenomegaly, produced by diffuse infiltration of the spleen by large granular lymphocytes, and by the associated complication of autoimmune hemolytic anemia. None of these findings were observed in the tumor rat in our study.
